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Introduction
[bookmark: P3]In this contribution, we provide our views on subband non-overlapping full duplex.
Discussion
[bookmark: Proposal1]Dynamic SBFD
In RAN1 #112b-e meeting, following agreement about dynamic SBFD was made.
	Proposed Agreement:
Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband where RBs in flexible subband can be dynamically are used for UL transmission and or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion


There are several options for the method how to achieve the dynamic SBFD. We are unclear on Option 1 for the definition of the flexible subband. In our understanding, it can be interpreted as two ways of ‘inherited flexible subband’ and ‘configured flexible subband’. We briefly explain two kinds of flexible subbands below. Firstly, ‘the inherited flexible subband’ can be naturally considered from the current study results. As per previous agreements, the UL subband can be configured on the DL and flexible symbols. When the UL subband is configured on the DL symbols, the rest of resources other than UL subband in the frequency domain becomes DL subband(s) and guardband(s). For the case that UL subband is configured on the flexible symbols, our understanding is that if the flexible symbol is not turned into other formats, then the rest of resources other than UL subband in the frequency domain can be ‘the inherited flexible subband’. Although there is no relevant agreement of the UE behavior in ‘the inherited flexible subband’, we believe that the UE behavior is same with the one in legacy UE on the flexible symbols.
Observation 1: The rest of resources other than UL subband on the flexible symbols in the frequency domain can be treated as the flexible subband, and the UE behavior is same with the legacy UE on the flexible symbols.
On the other hand, ‘the configured flexible subband’ is required to be clear. In our understanding, ‘the configured flexible subband’ seems that other subband than flexible subband is able to set as flexible subband (e.g., to change DL subband to flexible subband). Since the current specification does not allow to change the DL to flexible (or UL to flexible), the significant specification impacts are expected. Accordingly, we do not prefer ‘the configured flexible subband’.
Observation 2: The flexible subband configured on the symbols other than flexible symbols requires the significant specification impacts.
Based on our analysis described in Observation 1, we think the flexible subband concept is partly implicated in other options (Option 2 and Option 3). Otherwise, the UE behavior on the flexible resource other than UL subband on the flexible symbol is not defined.
For Option 2 and Option 3, the methods to achieve dynamic SBFD are included with scheduling DCI or non-scheduling DCI. From the perspective of latency, gNB can instantaneously change the SBFD symbol to DL or UL only symbol with scheduling DCI while with non-scheduling DCI, the latency from indication to DL or UL only symbol change will be longer than that of scheduling DCI since it essentially requires the DCI for indication prior to scheduling on the corresponding symbols to be changed to DL/UL only. On the other viewpoint from cross link interference, the indication with non-scheduling DCI outperforms that of scheduling DCI. At least within a cell, the CLI can be minimized when the transmission direction is same among UEs on a same subband. However, with the scheduling DCI, only a UE to receive the scheduling DCI is applicable for the dynamic SBFD. In order to minimize the CLI in this case, other UEs who did not receive the scheduling DCI should not transmit/receive. Besides, with the non-scheduling DCI, it can achieve group common signalling similar to DCI2_0. Followings are the summary of our analysis for Option2 and Option3.
For dynamic SBFD operation, 
· Scheduling DCI indication outperforms non-scheduling DCI from the scheduling latency perspective.
· Non-scheduling DCI indication has a merit to minimize CLI when the DCI is used in group common signalling.
Proposal 1: Capture following analysis in TR.
· Scheduling DCI indication outperforms non-scheduling DCI from the scheduling latency perspective.
· Non-scheduling DCI indication has a merit to minimize CLI when the DCI is used in group common signalling.
Subband resource configuration
Cell-common vs. UE-specific
As we already had an agreement that both time and frequency location should be known to SBFD aware UE, the time resource indication for UL subbands should be defined together with frequency resource. Since UL subbands are configured on DL/Flexible symbols, the procedure should take into account the transmission direction from/to UE. For Cell-common resource configuration, the transmission direction collision can occur between the SBFD aware UE and the legacy UE, however, this is inevitable issue in SBFD system design, and the scheduler should strive to avoid the collision. On the other hand, for UE-specific resource configuration, the scheduler should consider more collisions between the SBFD aware UEs in addition to the consideration between the legacy UE and the SBFD aware UE. Assuming that the resource configuration can be performed by both cell common and UE specific. For example, the resources for UE1 and UE2 are configured by the cell common and the resource for UE3 is configured by UE-specific, and the slot and UL subband configuration are illustrated as shown in Fig.1.
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Figure 1. Cell-common vs. UE-specific
In the second slot of Fig.1 (a) or the first slot of Fig.1 (b), there are mixed slot format with UL subband and DL slots. As an example of Fig.1 (a), once the UE3 starts DL reception on second slot, then UE1 and UE2 cannot use the UL subband on the slot. Similar things happen in the first slot of Fig.1 (b). In this case, the resource efficiency is significantly degraded. Based on this fact, we propose that the resource configuration for UL subband should be based on cell common to reduce CLI among UEs.
Proposal 2: The resource configuration for UL subband should be based on cell common to reduce CLI among UEs.
Subband indication in Frequency domain
In RAN1 #112b-e meeting, we made following agreements about frequency location of subbands.
	Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).


From above agreements, an SBFD aware UE receives explicit indication of the location where UL subband is configured. The indication of the location for other subbands than UL subband, however, still remains as FFS. The other subbands types can include DL subband and guardband. The guardband is required for the self-interference cancellation at the gNB side although the minimum number of PRBs for the guardband is needed by RAN4’s guidance. The resources for the SBFD operation within the active BWP consist of UL/DL subband and the guardband. In other words, once one explicit indication of either the DL subband or the guardband is conducted, the rest of other subband can be naturally derived. The important point is which one (DL subband or guardband) is explicitly indicated. The signal for the indication should include the information for both bandwidth and location. As an example, for {D, U, D} subband composition, the gNB should indicate two sets of bandwidth and location for DL subbands. On the other hand, the guardband indication does not require the location information as it is always neighbored by the UL subband. As a conclusion, from the perspective of signaling overhead, it is beneficial to explicitly indicate the guardband, and implicitly derive the DL subband. If down selection is made in the study item phase, we support Option 2 that the guardband is explicitly configured.
Observation 3: The explicit indication of DL subband requires the information of its location(s) and bandwidth while the explicit indication of guardband requires only its bandwidth due to adjacent to UL subband.
Proposal 3: The frequency location of DL subband(s) are implicitly derived, and the guardband(s) are explicitly indicated for the SBFD operation. 
SBFD operation in SSB symbols
SSB plays important roles of the synchronization and channel measurement. Due to the different configuration period between SSB and SBFD, the overlapping in time domain is inevitable. In previous RAN1#112b-e meeting, we discussed the SBFD operation in SSB symbols and made the agreement as below.
	Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.



In this section, we briefly describe the pros and cons of each option.
Overlapping in Frequency domain
In previous RAN1#112b-e meeting, we made an agreement that an SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband with the FFS about the measurement in guardband for the purpose of CLI measurement as described in below.
	Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement


Since the SSB is used in the cell search by using the synchronization signal, it should not be overlapped with UL subband and guardband in frequency domain. Otherwise, the UE for cell search will suffer from CLI, consequently the overall performance will degrade. Therefore, we propose that the SSB should not be overlapped with UL subband and guardband in frequency domain.
Proposal 4: The SSB should not be overlapped with UL subband and guardband in frequency domain.
In the subsequent section, we assume that the SSB should not be overlapped with UL subband and guardband in frequency domain.
Relationship between SSB and UL subband
For both options in above agreement, we now need to consider how to deal with the time domain overlapping. As an example, we take Case C of SSB time domain allocation as described in Section 4.1 of TS 38.213 and illustrated Fig.2 below. The UL subband in Fig.2 consists of Resource A (overlapping SSB), Resource B and Resource C.
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Figure 2. Relationship between SSB and UL subband.
For Option1, the overlapped UL subband (Resource A) with SSB will not be configured. Accordingly, the time domain resource allocation becomes SSB, UL subband (Resource B) and SSB in order. At this point, we have to consider the guard period between switching point. The UL subband (Resource B) between SSBs may not be available due to the guard period after first SSB (and maybe before second SSB to prevent self-interference at gNB side). Same thing happens in Resource C of UL subband. Based on this analysis, there is nothing or only a small part of the available UL subband in the SBFD symbols in a slot where SSBs are transmitted. In this case, it is better to configure the slot as DL only slot. For Option2, similar things happen but the situation is slightly different. Not all of SSBs are transmitted in the SSB transmission occasions. It is totally depending on the configuration in the higher layer parameter, ssb-PositionsInBurst. From this fact, UL subband overlapping with SSBs which are not used in the actual SSB transmission (i.e., value ‘0’ is set in ssb-PositionsInBurst) can be used for UL transmission. In this case, the resource allocation considering both UL subband and SSB could be complex.
Observation 4: In case that UL subband cannot be set to SBFD symbol due to overlapping with SSB symbols and configuring guard period, most of SBFD symbols in a slot may be changed into DL only symbols. 
Observation 5: Resource allocation on the SBFD symbols where the UL subband is overlapping with SSBs could be complicated.
Based on this analysis, we propose to capture following analysis results in TR.
· Most of SBFD symbols in a slot may be changed into DL only symbols in case that UL subband cannot be set to SBFD symbol due to overlapping with SSB symbols and configuring guard period.
· Resource allocation on the SBFD symbols where the UL subband is overlapping with SSBs could be complicated.
Proposal 5: SBFD symbols overlapping with actually transmitted SSBs in a slot should be changed to DL only slot.
Proposal 6: Capture following analysis about SBFD symbols overlapping SSBs.
· Most of SBFD symbols in a slot may be changed into DL only symbols in case that UL subband cannot be set to SBFD symbol due to overlapping with SSB symbols and configuring guard period.
· Resource allocation on the SBFD symbols where the UL subband is overlapping with SSBs could be complicated.
If down selection is needed in this meeting, we prefer to support Option 2 as its resource efficiency is much higher than Option 1, especially in short periodicity of SSBs. For the condition whether UL subband can be used on the SBFD symbols overlapping with SSBs, we can simply define that the UL subband is available when the SSB transmission occasion is configured but not transmitted (i.e., value ‘0’ is set in ssb-PositionsInBurst).
Proposal 7: Support that a UL subband can be configured in an SSB symbol when the SSB transmission occasion is configured but not transmitted (i.e., value ‘0’ is set in ssb-PositionsInBurst).
SBFD operation for RRC_IDLE and RRC_INACTIVE
In previous meetings, SBFD operation for RRC_IDLE and RRC INACTIVE such as the random access was discussed so that the coverage of PRACH and cell attach latency can be enhanced, and it is summarized in FL summary as below. 
	Proposal 1-25b
Identify additional issue or specification impact to support SBFD operation for RRC_IDLE and RRC_INACTIVE states.


In this section, we analyse the impact for SBFD operation for RRC_IDLE/RRC_INACTIVE state.
Random Access
Allocating the RACH occasion onto the UL subband has a merit to enhance the PRACH coverage, while it will significantly decrease resource usage efficiency and system performance. Precisely, gNB cannot expect the timing when a UE transmits the PRACH in CBRA. That is, the resources for RACH occasion on UL subband should be reserved. The reserved resources make other channels to have less resources to transmit, accordingly overall resource efficiency and overall system performance get decreased. In addition, since gNB cannot predict PRACH timing of UEs, it is difficult to avoid UE-UE inter-subband CLI between UEs close to each other by scheduling at gNB side, which may cause degradation of DL performance. 
Observation 6: Due to the unexpected PRACH transmission from UEs, to allow the SBFD operation on UL subband will cause inter-subband CLI and accordingly degrade the overall system performance.
Dynamic SBFD operation
For considering dynamic SBFD, the situation gets much worse. Even though the discussion about dynamic SBFD operation is still ongoing, anyhow it is dynamically indicated from gNB. Of course, the UE in RRC_IDLE/INACTIVE cannot know the symbol format change (e.g., UL subband to DL only symbols). Assuming that RACH occasions are configured in the UL subband on SBFD symbols, and part of or all of the SBFD symbols are changed into DL only symbols. In this case, the UEs in RRC_IDLE/INACTIVE cannot recognize that the SBFD symbols are turned into DL only symbols. If the UEs transmit PRACH on the RACH occasions in the SBFD symbols, the severe CLI will be inevitable. 
Observation 7: Collision will be occurred in dynamic SBFD operation when the RRC_IDLE UE tries to transmit PRACH on the SBFD symbols overlapping SSBs where the value ‘1’ is set in ssb-PositionsInBurst. 
Based on above analysis, supporting SBFD operation in RRC_IDLE/INACTIVE is a significant negative impact on cross link interference, especially considering dynamic SBFD. Therefore, we propose that the SBFD operation for RRC_IDLE and RRC_INACTIVE state should not be supported.
Proposal 8: The SBFD operation for RRC_IDLE and RRC_INACTIVE state should not be supported due to severe cross link interference.
TA offset and guard symbol
In previous RAN1#112b-e meeting, the conclusion that non-zero NTA,offset at UE can lead to increased interference was made if we neglect details of gNB Tx/Rx chain.
	[bookmark: _Hlk134187160]Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs


We also thinks that NTA,offset may affect whether guard symbols are required between UL only and DL only symbols, DL only and SBFD symbols, and SBFD and UL only symbols. Figure 3 shows the SBFD operation with DL and UL UEs. We assume that slot contains 4 DL only symbols and 10 SBFD symbols, where SBFD symbols are denoted as X. When NTA,offset is configured, UL of SBFD symbol partially overlaps with the DL only symbol, therefore, UL of first symbol of SBFD symbols should be deleted/preempted to avoid intra subband CLI between DL only symbol and SBFD UL symbol, especially at gNB side. When zero NTA,offset is configured, first symbol of SBFD UL symbols can be used because overlapping between DL only symbol and UL of SBFD symbol seems negligible at gNB side. 
Conventionally, zero NTA,offset configuration requires us to put guard symbols every DL/UL boundaries to make DL/UL switching time, whereas non-zero NTA,offset requires us to put guard symbols only at the first symbol of UL symbols because non-zero NTA,offset can make guard time after the last symbol of UL symbols. In legacy TDD operation, since antenna panel is used for both DL and UL, DL/UL switching is required. However, in SBFD operation, at least two antenna panels are equipped with gNB, and the role of each antenna panels can be fixed as DL or UL for simultaneous data transmission and reception. Hence, DL/UL switching is not necessary at boundaries between DL and UL, DL and SBFD, and UL and SBFD.
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[bookmark: _Ref134542919]Figure 3. NTA,offset and guard time
In previous RAN1#110 meeting, possible SBFD antenna configurations are agreed for evaluation. Certainly, it is only for evaluation, this agreement could be taken as assumption for study of SBFD operation.
	Agreement
For evaluation and comparison between SBFD and legacy TDD, the two options for the SBFD antenna configuration agreed in RAN1#109 are further clarified as below:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-2 (same as Opt 2 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-3 (new): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.


In SBFD antenna configuration option-2 and 3, antenna panels are separately used for DL and UL. This is the case shown in Figure 3. In SBFD antenna configuration option-1, when the symbol is DL only, both of two antenna panels are used for DL, when the symbol is UL only, both of two antenna panels are used for UL and when the symbol is SBFD, one of antenna panel is used for DL and the other is used for UL. Therefore, DL/UL switching is required at the boundaries of DL only and SBFD symbols as shown in Figure 4.
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[bookmark: _Ref134543210]Figure 4. NTA,offset and guard time of antenna configuration 1 (Left : non-zero NTA,offset, Right: zero NTA,offset)
From above analysis, we can get the following observations and proposals: 
Observation 8: Guard symbol between SBFD and non-SBFD symbol could be set to each antenna panels. In SBFD operation, there is a SBFD symbol where only DL transmission is active.
Observation 9: When SBFD antenna configuration option 2 or 3 is applied, there is no DL/UL switching for each panel, whereas SBFD antenna configuration option 1 requires guard time for one of antenna panels for DL/UL switching at boundaries between SBFD and non-SBFD symbols.
Observation 10: When SBFD antenna configuration option 2 or 3 is applied, setting zero NTA,offset configuration enables switching between SBFD and non-SBFD symbols without guard time, whereas non-zero NTA,offset configuration requires guard time of UL reception to avoid intra subband CLI between DL/UL only symbols and SBFD symbols. When SBFD antenna configuration option 1 is applied, setting zero NTA,offset requires guard time for UL/DL switching to one of antenna panels. Required number of guard symbols for one of antenna panels could be summarized as below table.
	
	SBFD antenna configuration 1
	SBFD antenna configuration 2 or 3

	non-zero NTA,offset
	1
	1

	zero NTA,offset
	2
	0



Proposal 9: The antenna configuration and required guard time should be taken into account for the discussion on the configuration of NTA,offset on SBFD operation. Capture the following observations in the TR.
· If non-zero NTA,offset is configured, 1 guard symbol on one of antenna panels is required for any SBFD antenna configurations.
· If zero NTA,offset is configured, 2 guard symbols on one of antenna panels are required for SBFD antenna configuration 1 and no guard symbols on one of antenna panels are required for SBFD antenna configuration 2 or 3.
Proposal 10: SBFD symbols where only DL or UL is active is regarded as SBFD symbol.

Conclusion shown above states that timing misalignment problem occurs only SBFD symbols. In addition, it is pointed that legacy UEs may not support NTA,offset = 0. therefore, some companies proposed to set two TA offset values for SBFD-aware UEs for UL transmissions in non-SBFD symbols and SBFD symbols. There is another solution that setting zero NTA,offset only to SBFD aware UEs keeping NTA,offset of legacy UEs to be non-zero. If gNB is prohibited to allocate SBFD aware UEs and legacy UEs simultaneously in non-SBFD slot, SBFD UEs are not required to have two TA offset values, however gNB should change UL timing according to whether allocated UEs are SBFD aware or not. 
Observation 11: SBFD operation with zero NTA,offset considering that legacy UEs may not support zero NTA,offset, requires SBFD aware UEs to have two TA offset values for UL transmissions in non-SBFD symbols and SBFD symbols, or gNB not to schedule SBFD aware UEs and legacy UEs simultaneously and gNB have to change UL timing according to whether allocated UEs are SBFD aware or not.
From above discussions, we propose to study the necessity of zero NTA,offset operation on SBFD operation as follows.
Proposal 11: Study necessity of zero NTA,offset operation on SBFD operation considering the following observations:
· Considering the effect of gNB transmit chain side impairments and filtering of DL subband(s) in the gNB Rx chain, The interference caused by time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE could be small.
· The number of required guard symbols depends on SBFD antenna configuration. If antenna panels switch their DL/UL direction at boundaries between SBFD and non-SBFD symbols, required guard symbols for zero NTA,offset operation is more than that for non-zero NTA,offset operation.
· Zero NTA,offset SBFD operation may increases complexity of specification comparing to non-zero NTA,offset SBFD operation. Zero NTA,offset SBFD operation requires SBFD aware UEs to have two TA offset values for UL transmissions in non-SBFD symbols and SBFD symbols, or gNBs to have two UL reception timings according to whether allocated UEs are SBFD aware UEs or not.
Rate matching
In previous RAN1#112b-e meeting, we discussed enhanced rate matching for SBFD operation. 
	Proposed Agreement:
Study enhanced rate matching for PDSCH where resources outside DL subband(s) are considered as resources not available for PDSCH including PDSCH DM-RS. PDSCH DM-RS may overlap with the resources not available for PDSCH.
· Note: a UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH according to current specification.


Before discussing enhancement of rate matching, we should discuss whether legacy rate matching mechanism is applicable or not. RRC configured rate matching appeared in rel.15 can indicate RB and symbol level rate matched area. Even if slots are composed of SBFD symbols and non-SBFD symbols, symbol level rate matched area can be configured, therefore, it could be used for SBFD operation without any modification.
Observation 12: Rate Matching Pattern which exclude UL subband can be set by legacy RRC based rate matching mechanism.
Proposal 12: Study whether rate matching mechanism by legacy RRC configuration is sufficient for overall SBFD operation and no enhancement is required, or not.
Conclusion
In this contribution, we provide our views on the study of subband non-overlapping full duplex as below
Observation 1: The rest of resources other than UL subband on the flexible symbols in the frequency domain can be treated as the flexible subband, and the UE behavior is same with the legacy UE on the flexible symbols.
Observation 2: The flexible subband configured on the symbols other than flexible symbols requires the significant specification impacts.
Proposal 1: Capture following analysis in TR.
· Scheduling DCI indication outperforms non-scheduling DCI from the scheduling latency perspective
· Non-scheduling DCI indication has a merit to minimize CLI when the DCI is used in group common signalling.
Proposal 2: The resource configuration for UL subband should be based on cell common to reduce CLI among UEs.
Observation 3: The explicit indication of DL subband requires the information of its location(s) and bandwidth while the explicit indication of guardband requires only its bandwidth due to adjacent to UL subband.
Proposal 3: The frequency location of DL subband(s) are implicitly derived, and the guardband(s) are explicitly indicated for the SBFD operation. 
Proposal 4: The SSB should not be overlapped with UL subband and guardband in frequency domain.
Observation 4: In case that UL subband cannot be set to SBFD symbol due to overlapping with SSB symbols and configuring guard period, most of SBFD symbols in a slot may be changed into DL only symbols. 
Observation 5: Resource allocation on the SBFD symbols where the UL subband is overlapping with SSBs could be complicated.
Proposal 5: SBFD symbols overlapping with actually transmitted SSBs in a slot should be changed to DL only slot.
Proposal 6: Capture following analysis about SBFD symbols overlapping SSBs.
· Most of SBFD symbols in a slot may be changed into DL only symbols in case that UL subband cannot be set to SBFD symbol due to overlapping with SSB symbols and configuring guard period.
· Resource allocation on the SBFD symbols where the UL subband is overlapping with SSBs could be complicated.
Proposal 7: Support that a UL subband can be configured in an SSB symbol when the SSB transmission occasion is configured but not transmitted (i.e., value ‘0’ is set in ssb-PositionsInBurst).
Observation 6: Due to the unexpected PRACH transmission from UEs, to allow the SBFD operation on UL subband will cause inter-subband CLI and accordingly degrade the overall system performance.
Observation 7: Collision will be occurred in dynamic SBFD operation when the RRC_IDLE UE tries to transmit PRACH on the SBFD symbols overlapping SSBs where the value ‘1’ is set in ssb-PositionsInBurst. 
Proposal 8: The SBFD operation for RRC_IDLE and RRC_INACTIVE state should not be supported due to severe cross link interference.
Observation 8: Guard symbol between SBFD and non-SBFD symbol could be set to each antenna panels. In SBFD operation, there is a SBFD symbol where only DL transmission is active.
Observation 9: When SBFD antenna configuration option 2 or 3 is applied, there is no DL/UL switching for each panel, whereas SBFD antenna configuration option 1 requires guard time for one of antenna panels for DL/UL switching at boundaries between SBFD and non-SBFD symbols.
Observation 10: When SBFD antenna configuration option 2 or 3 is applied, setting zero NTA,offset configuration enables switching between SBFD and non-SBFD symbols without guard time, whereas non-zero NTA,offset configuration requires guard time of UL reception to avoid intra subband CLI between DL/UL only symbols and SBFD symbols. When SBFD antenna configuration option 1 is applied, setting zero NTA,offset requires guard time for UL/DL switching to one of antenna panels. Required number of guard symbols for one of antenna panels could be summarized as below table.
	
	SBFD antenna configuration 1
	SBFD antenna configuration 2 or 3

	non-zero NTA,offset
	1
	1

	zero NTA,offset
	2
	0



Proposal 9: The antenna configuration and required guard time should be taken into account for the discussion on the configuration of NTA,offset on SBFD operation. Capture the following observations in the TR.
· If non-zero NTA,offset is configured, 1 guard symbol on one of antenna panels is required for any SBFD antenna configurations.
· If zero NTA,offset is configured, 2 guard symbols on one of antenna panels are required for SBFD antenna configuration 1 and no guard symbols on one of antenna panels are required for SBFD antenna configuration 2 or 3.
Proposal 10: SBFD symbols where only DL or UL is active is regarded as SBFD symbol.
Observation 11: SBFD operation with zero NTA,offset considering that legacy UEs may not support zero NTA,offset, requires SBFD aware UEs to have two TA offset values for UL transmissions in non-SBFD symbols and SBFD symbols, or gNB not to schedule SBFD aware UEs and legacy UEs simultaneously and gNB have to change UL timing according to whether allocated UEs are SBFD aware or not.
Proposal 11: Study necessity of zero NTA,offset operation on SBFD operation considering the following observations:
· Considering the effect of gNB transmit chain side impairments and filtering of DL subband(s) in the gNB Rx chain, The interference caused by time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE could be small.
· The number of required guard symbols depends on SBFD antenna configuration. If antenna panels switch their DL/UL direction at boundaries between SBFD and non-SBFD symbols, required guard symbols for zero NTA,offset operation is more than that for non-zero NTA,offset operation.
· Zero NTA,offset SBFD operation may increases complexity of specification comparing to non-zero NTA,offset SBFD operation. Zero NTA,offset SBFD operation requires SBFD aware UEs to have two TA offset values for UL transmissions in non-SBFD symbols and SBFD symbols, or gNBs to have two UL reception timings according to whether allocated UEs are SBFD aware UEs or not.
Observation 12: Rate Matching Pattern which exclude UL subband can be set by legacy RRC based rate matching mechanism.
Proposal 12: Study whether rate matching mechanism by legacy RRC configuration is sufficient for overall SBFD operation and no enhancement is required, or not.
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